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S1. Updated protocol 

Table S1  Protocol deviations 

Section Previous protocol Update 

Title Comparative efficacy of 

physical activity modalities in 

children and adolescents with 

attention deficit/hyperactivity 

disorder: A systematic review 

and network meta-analysis 

Comparative effectiveness of 

various physical exercise 

interventions on executive 

functions and related symptoms 

in children and adolescents with 

attention deficit hyperactivity 

disorder: A systematic review 

and network meta-analysis 

Authors Feilong Zhu, Xiaotong Zhu, Yu 

Wu, Xiaoyu Bi, Dongqing 

Kuang, Yuanchun Ren 

Feilong Zhu, Xiaotong Zhu, 

Xiaoyu Bi, Dongqing Kuang, 

Boya Liu, Jingyi Zhou, 

Yuanchun Ren 

Search strategy With no limitation on language 

and publication data, the 

databases for Web of Science, 

PubMed, Embase, Cochrane 

Central Register of Controlled 

Trials, SPORTDiscus, PEDro, 

We searched the Web of Science, 

PubMed, Embase, Cochrane 

Central Register of Controlled 

Trials, SPORTDiscus, 

PsycINFO, CNKI and clinical 

trials databases without 



ScienceDirect, PsycINFO and 

ClinicalTrials.gov was 

searched. 

restrictions on language. 

Study quality 

assessment 

Risk of bias was assessed by 2 

authors according to the 

Cochrane Collaboration’s risk-

of-bias tool, which consists of 

seven items: random sequence 

generation, allocation 

concealment, blinding of 

participants and personnel, 

blinding of outcome assessors, 

incomplete outcome data, 

incomplete outcome reporting, 

and other bias. 

The methodological quality of 

included randomized controlled 

trials and non-randomized 

controlled studies was assessed 

by 2 reviewers using the 

Physiotherapy Evidence 

Database scale (PEDro). 

Data synthesis No meta regression analysis. We also conducted meta 

regression analysis (with 

frequency, intensity, duration, 

and length of PA interventions as 

covariates) for the primary 

outcomes. 



S2. Search strategy 

 

PubMed 549 

#1  "Attention Deficit Disorder with Hyperactivity"[Mesh] OR Attention Deficit 

Disorders with Hyperactivity[tiab] OR Attention Deficit Hyperactivity 

Disorder*[tiab] OR Hyperkinetic Syndrome*[tiab] OR ADDH[tiab] OR 

ADHD[tiab] OR Attention Deficit Disorder*[tiab] OR ADD[tiab] OR 

Hyperactivit*[tiab] OR Inattenti*[tiab] OR Impulsivit*[tiab] OR attention-deficit 

hyperactivity disorder*[tiab] OR Attention Deficit-Hyperactivity Disorder*[tiab] 

OR Hyperkinet*[tiab] OR Overactive*[tiab] 

#2  "Exercise"[Mesh] OR "Sports"[Mesh] OR Exercise*[tiab] OR Physical 

Activit*[tiab] OR Physical Exercise*[tiab] OR Isometric Exercise*[tiab] OR 

Aerobic Exercise*[tiab] OR Exercise Training*[tiab] OR Sport*[tiab] OR 

Movement[tiab] OR Workout*[tiab] OR Physical Training*[tiab] OR Energy 

expenditure[tiab] OR Athletic*[tiab] OR Acute Exercise*[tiab] OR Chronic 

Exercise*[tiab] OR Exercise intervention[tiab] OR Intervention* [tiab] OR 

Training*[tiab] OR Program[tiab] OR Physical education[tiab] OR Locomotor 

Activit*[tiab] OR Physical therap*[tiab] OR motor activit*[tiab] OR Soccer[tiab] 

OR Swim*[tiab] OR Aquatic*[tiab] OR Div*[tiab] OR Football[tiab] OR Pin 

pang[tiab] OR Ping-pong[tiab] OR Ping pang[tiab] OR Basketball[tiab] OR 

Cricket[tiab] OR Tennis[tiab] OR Rugby[tiab] OR Danc*[tiab] OR Martial 

art*[tiab] OR Netball[tiab] OR Hockey[tiab] OR Gym*[tiab] OR Horse rid*[tiab] 

OR Horseback rid*[tiab] OR Equestrian[tiab] OR Baseball[tiab] OR Yoga[tiab] 

OR Badminton[tiab] OR Taekwondo[tiab] OR Judo[tiab] OR Cycling[tiab] 

Physical fitness[tiab] OR Fitness[tiab] OR Resistance exercise[tiab] OR 

Bicycling[tiab] OR Boxing[tiab] OR Golf[tiab] OR Tai Ji[tiab] OR 



Mountaineering[tiab] OR Racquet sports[tiab] OR Skating[tiab] OR Snow sports 

skiing[tiab] OR Wrestling[tiab] OR Weight lifting[tiab] OR Games 

recreational[tiab] OR Weight bearing exercise[tiab] OR Strength training[tiab] OR 

Running[tiab] OR Agility[tiab] OR Trampoline[tiab] OR Snowshoeing[tiab] OR 

Skating[tiab] OR Exergaming[tiab] OR Skateboarding[tiab] OR Walking[tiab] OR 

Treadmill[tiab] 

#3  "Child"[Mesh] OR "Adolescent"[Mesh] OR "Young Adult"[Mesh] OR 

"Minor"[Mesh] OR Adolescen*[tiab] OR Teen*[tiab] OR Teenager*[tiab] OR 

Youth*[tiab] OR "Minors"[tiab] OR Minor*[tiab] OR "Child"[tiab] OR 

Child*[tiab] OR Kid[tiab] OR Kids[tiab] OR Girl*[tiab] OR Boy*[tiab] OR Under 

age*[tiab] OR Underage*[tiab] OR Young people[tiab] OR young person[tiab] OR 

Prepubescen*[tiab] OR Pubescen*[tiab] OR Young Adult*[tiab] OR School 

age[tiab] OR Preschool*[tiab] OR Student*[tiab] 

#4  #1 AND #2 AND #3 

Web of Science 6236 

#1  TS = (“Attention Deficit Disorder with Hyperactivit*” OR “attention-deficit 

hyperactivity disorder*” OR “attention deficit disorder*” OR “ADHD” OR adhd 

OR addh OR add OR “Attention Deficit Disorder* with Hyperactivity” OR 

“Attention Deficit Hyperactivity Disorder*” OR “Attention Deficit-Hyperactivity 

Disorder*” OR “attention deficit disorder hyperactivity” OR “attention deficit” 

OR “child attention deficit disorder” OR hyperactiv* OR “Hyperkinetic 

Syndrome*” OR “syndrome* hyperkinetic” OR “hyperkinetic syndrome 

childhood” OR “attention deficit hyperkinetic disorder” OR “hyperkinetic 

disorder” OR hyperkinet* OR overactive* OR “overactive child syndrome” OR 



inattenti* OR “attention problem*” OR “syndrome hyperkinetic” OR 

“hyperkinetic syndrome” OR “hyperactivity disorder” OR “hyperactive child 

syndrome” OR “childhood hyperkinetic syndrome”) 

#2  TS = (Attention Deficit Disorder with Hyperactivity) 

#3  TS = (Sport* OR Exercis* OR “Locomotor Activit*” OR “Physical* therap*” OR 

“physical* activit*” OR “motor activit*” OR Soccer OR Swim* OR Aquatic* OR 

Dive OR Diving OR Football OR Pin pang OR Ping-pong OR Ping pang OR 

Basketball OR Cricket OR Tennis OR Rugby OR Danc* OR Athletic* OR 

“Martial art*” OR Netball OR Hockey OR Gym* OR “horse rid*” OR “horseback 

rid*” OR Equestrian OR Baseball OR Yoga OR Badminton OR Taekwondo OR 

Danc* OR Judo OR Cycling) 

#4  TS = (Sports OR Exercise) 

#5  TS=(Child OR Adolescent OR Young Adult OR Minor OR Adolescen* OR Teen* 

OR Teenager* OR Youth* OR Minors OR Minor* OR Child* OR Kid OR Kids 

OR Girl* OR Boy* OR Under age* OR Underage* OR Young people OR young 

person OR Prepubescen* OR Pubescen* OR Young Adult* OR School age OR 

Preschool* OR Student*) 

#6  TS = (Child OR Adolescent OR Young Adult OR Minor ) 

#7  #1 OR #2 

#8  #3 OR #4 

#9  #5 OR #6 

#10  #7 AND #8 AND#9 

 



Cochrane Library 1164 

#1  (Attention Deficit Disorder with Hyperactivit* OR attention-deficit hyperactivity 

disorder* OR attention deficit disorder* OR ADHD OR adhd OR addh OR add 

OR Attention Deficit Disorder* with Hyperactivity OR Attention Deficit 

Hyperactivity Disorder* OR Attention Deficit-Hyperactivity Disorder* OR 

attention deficit disorder hyperactivity OR attention deficit” OR child attention 

deficit disorder OR hyperactiv* OR Hyperkinetic Syndrome* OR syndrome* 

hyperkinetic OR hyperkinetic syndrome childhood OR attention deficit 

hyperkinetic disorder  OR hyperkinetic disorder OR hyperkinet* OR overactive* 

OR “overactive child syndrome OR inattenti* OR attention problem* OR 

syndrome hyperkinetic OR hyperkinetic syndrome OR hyperactivity disorder OR 

hyperactive child syndrome OR childhood hyperkinetic syndrome): ti, ab, kw 

#2  Attention Deficit Disorder with Hyperactivity [Mesh] 

#3  (Sport* OR Exercis* OR “Locomotor Activit*” OR “Physical* therap*” OR 

“physical* activit*” OR “motor activit*” OR Soccer OR Swim* OR Aquatic* OR 

Dive OR Diving OR Football OR Pin pang OR Ping-pong OR Ping pang OR 

Basketball OR Cricket OR Tennis OR Rugby OR Danc* OR Athletic* OR 

“Martial art*” OR Netball OR Hockey OR Gym* OR “horse rid*” OR “horseback 

rid*” OR Equestrian OR Baseball OR Yoga OR Badminton OR Taekwondo OR 

Danc* OR Judo OR Cycling): ti, ab, kw 

#4  Sports [Mesh] 

#5  Exercise [Mesh] 

#6  (Child OR Adolescent OR Young Adult OR Minor OR Adolescen* OR Teen* OR 

Teenager* OR Youth* OR Minors OR Minor* OR Child* OR Kid OR Kids OR 

Girl* OR Boy* OR Under age* OR Underage* OR Young people OR young 



person OR Prepubescen* OR Pubescen* OR Young Adult* OR School age OR 

Preschool* OR Student*): ti, ab, kw 

#7  Child [Mesh] OR Adolescent [Mesh] OR Young Adult [Mesh] OR Minor [Mesh] 

#8  #1 OR #2 

#9  #3 OR #4 OR #5 

#10  #6 OR #7 

#11  #8 AND #9 AND #10 

Embase 2653 

#1  ‘attention deficit disorder with hyperactivit*’ OR ‘attention-deficit hyperactivity 

disorder*’ OR ‘attention deficit disorder*’ OR ‘adhd’ OR adhd OR addh OR add 

OR ‘attention deficit disorder* with hyperactivity’ OR ‘attention deficit 

hyperactivity disorder*’ OR ‘attention deficit-hyperactivity disorder*’ OR 

‘attention deficit disorder hyperactivity’ OR ‘attention deficit’ OR ‘child attention 

deficit disorder’ OR hyperactiv* OR ‘hyperkinetic syndrome*’ OR ‘syndrome* 

hyperkinetic’ OR ‘hyperkinetic syndrome childhood’ OR ‘attention deficit 

hyperkinetic disorder’ OR ‘hyperkinetic disorder’ OR hyperkinet* OR overactive* 

OR ‘overactive child syndrome’ OR inattenti* OR ‘attention problem*’ OR 

‘syndrome hyperkinetic’ OR ‘hyperkinetic syndrome’ OR ‘hyperactivity disorder’ 

OR ‘hyperactive child syndrome’ OR ‘childhood hyperkinetic syndrome’ 

#2  ‘attention deficit disorder’/exp 

#3  sport* OR exercis* OR ‘locomotor activit*’ OR ‘physical* therap*’ OR ‘physical* 

activit*’ OR ‘motor activit*’ OR soccer OR swim* OR aquatic* OR dive OR 



diving OR football OR ‘pin pang’ OR ‘ping pong’ OR ‘ping pang’ OR basketball 

OR cricket OR tennis OR rugby OR athletic* OR ‘martial art*’ OR netball OR 

hockey OR gym* OR ‘horse rid*’ OR ‘horseback rid*’ OR equestrian OR baseball 

OR yoga OR badminton OR taekwondo OR danc* OR judo OR cycling 

#4  ‘sport’/exp 

#5  ‘exercise’/exp 

#6  Child OR Adolescent OR Young Adult OR Minor OR Adolescen* OR Teen* OR 

Teenager* OR Youth* OR Minors OR Minor* OR Child* OR Kid OR Kids OR 

Girl* OR Boy* OR Under age* OR Underage* OR Young people OR young 

person OR Prepubescen* OR Pubescen* OR Young Adult* OR School age OR 

Preschool* OR Student* 

#7  ‘Child’/exp 

#8  ‘Adolescent’/exp 

#9  #1 OR #2 

#10  #3 OR #4 OR #5 

#11  #6 OR #7 OR #8 

#12  #9 AND #10 AND #11 

 

SPORTDiscus 1765 

#1  DE “Attention Deficit Disorder with Hyperactivity” 

#2  (“Attention Deficit Disorder with Hyperactivit*” OR “attention-deficit 

hyperactivity disorder*” OR “attention deficit disorder*” OR “ADHD” OR adhd 

OR addh OR add OR “Attention Deficit Disorder* with Hyperactivity” OR 



“Attention Deficit Hyperactivity Disorder*” OR “Attention Deficit-Hyperactivity 

Disorder*” OR “attention deficit disorder hyperactivity” OR “attention deficit” 

OR “child attention deficit disorder” OR hyperactiv* OR “Hyperkinetic 

Syndrome*” OR “syndrome* hyperkinetic” OR “hyperkinetic syndrome 

childhood” OR “attention deficit hyperkinetic disorder” OR “hyperkinetic 

disorder” OR hyperkinet* OR overactive* OR “overactive child syndrome” OR 

inattenti* OR “attention problem*” OR “syndrome hyperkinetic” OR 

“hyperkinetic syndrome” OR “hyperactivity disorder” OR “hyperactive child 

syndrome” OR “childhood hyperkinetic syndrome”). TX 

#3  DE “Sports” 

#4  DE “Exercise” 

#5  (Sport* OR Exercis* OR “Locomotor Activit*” OR “Physical* therap*” OR 

“physical* activit*” OR “motor activit*” OR Soccer OR Swim* OR Aquatic* OR 

Dive OR Diving OR Football OR Pin pang OR Ping-pong OR Ping pang OR 

Basketball OR Cricket OR Tennis OR Rugby OR Danc* OR Athletic* OR 

“Martial art*” OR Netball OR Hockey OR Gym* OR “horse rid*” OR “horseback 

rid*” OR Equestrian OR Baseball OR Yoga OR Badminton OR Taekwondo OR 

Danc* OR Judo OR Cycling). TX 

#6  DE “Child” 

#7  DE “Adolescent” 

#8  (Child OR Adolescent OR Young Adult OR Minor OR Adolescen* OR Teen* OR 

Teenager* OR Youth* OR Minors OR Minor* OR Child* OR Kid OR Kids OR 

Girl* OR Boy* OR Under age* OR Underage* OR Young people OR young 

person OR Prepubescen* OR Pubescen* OR Young Adult* OR School age OR 

Preschool* OR Student*). TX 



#9  #1 OR #2 

#10  #3 OR #4 OR #5 

#11  #6 OR #7 OR #8 

#12  #9 AND #10 AND #11 

 

PsycINFO 3042 

#1   "Attention Deficit Disorder with Hyperactivity" OR Attention Deficit Disorders 

with Hyperactivity OR Attention Deficit Hyperactivity Disorder* OR 

Hyperkinetic Syndrome* OR ADDH OR ADHD OR Attention Deficit Disorder* 

OR ADD OR Hyperactivit* OR Inattenti* OR Impulsivit* OR attention-deficit 

hyperactivity disorder* OR Attention Deficit-Hyperactivity Disorder* OR 

Hyperkinet* OR Overactive* 

#2  Exercise OR Sports OR Exercise* OR Physical Activit* OR Physical Exercise* 

OR Isometric Exercise* OR Aerobic Exercise* OR Exercise Training* OR Sport* 

OR Movement OR Workout* OR Physical Training* OR Energy expenditure OR 

Athletic* OR Acute Exercise* OR Chronic Exercise* OR Exercise intervention 

OR Intervention* OR Training* OR Program OR Physical education OR 

Locomotor Activit* OR Physical therap* OR motor activit* OR Soccer OR 

Swim* OR Aquatic* OR Div* OR Football OR Pin pang OR Ping-pong OR Ping 

pang OR Basketball OR Cricket OR Tennis OR Rugby OR Danc* OR Martial art* 

OR Netball OR Hockey OR Gym* OR Horse rid* OR Horseback rid* OR 

Equestrian OR Baseball OR Yoga OR Badminton OR Taekwondo OR Judo OR 

Cycling Physical fitness OR Fitness OR Resistance exercise OR Bicycling OR 

Boxing OR Golf OR Tai Ji OR Mountaineering OR Racquet sports OR Skating 

OR Snow sports skiing OR Wrestling OR Weight lifting OR Games recreational 



OR Weight bearing exercise OR Strength training OR Running OR Agility OR 

Trampoline OR Snowshoeing OR Skating OR Exergaming OR Skateboarding OR 

Walking OR Treadmill 

#3  Child OR Adolescent OR "Young Adult" OR Minor OR Adolescen* OR Teen* 

OR Teenager* OR Youth* OR "Minors" OR Minor* OR "Child" OR Child* OR 

Kid OR Kids OR Girl* OR Boy* OR Under age* OR Underage* OR Young 

people OR young person OR Prepubescen* OR Pubescen* OR Young Adult* OR 

School age OR Preschool* OR Student* 

#4  #1 AND #2 AND #3 



S3. The inter-rater agreement for selecting studies 

 

Table S2  The inter-rater agreement for reading the title and abstract 

Reviewer 1 

 Reviewer 2  

Total 

Exclude Include Unclear 

Exclude 13514 8 11 13533 

Include 9 78 8 95 

Unclear 14 6 10 30 

Total 13537 92 29 13658 

Kappa score: 0.77 (0.72-0.83) 

 

Table S3  The inter-rater agreement for full-text review 

Reviewer 1 

 Reviewer 2  

Total 

Exclude Include Unclear 

Exclude 67 1 3 71 

Include 1 54 0 55 

Unclear 2 2 0 4 

Total 70 57 3 130 

Kappa score: 0.87 (0.79-0.95) 

 



S4. Study quality assessment 

Table S4  Quality assessment for RCTs and quasi-RCTs 

Reference Item 

1 

Item 

2 

Item 

3 

Item 

4 

Item 

5 

Item 

6 

Item 

7 

Item 

8 

Item 

9 

Item 

10 

Item 

11 

Score 

Messler et al.  

(2018) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Benzing et al.  

(2019) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Bustamante et al.  

(2016) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Chang et al.  

(2014) 

1 0 0 1 0 0 0 1 1 1 1 5/10 

Choi et al.  

(2015) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Chou et al.  

(2017) 

1 0 0 1 0 0 0 1 1 1 1 5/10 

Faramarzi et al.  

(2016) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Gelade et al.  

(2017) 

1 1 0 1 1 0 1 1 1 1 1 8/10 

Kadri et al.  

(2019) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Lee et al.  

(2017) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Memarmoghaddam et al. 

(2016) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Pan et al.  

(2016) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Pan et al.  

(2019) 

1 0 0 1 0 0 0 1 1 1 1 5/10 

Rezaei et al.  

(2018) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Silva et al.  

(2020) 

1 1 0 1 0 0 0 0 1 1 1 5/10 

Smith et al. 

(2020) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Verret et al.  

(2012) 

1 0 0 1 0 0 0 1 1 1 1 5/10 

Ziereis et al.  

(2015) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Benzing et al.  

(2018) 

1 1 0 1 1 0 0 1 1 1 1 7/10 

Chang et al. 

(2012) 

1 1 0 1 0 0 0 1 1 1 1 6/10 



Reference Item 

1 

Item 

2 

Item 

3 

Item 

4 

Item 

5 

Item 

6 

Item 

7 

Item 

8 

Item 

9 

Item 

10 

Item 

11 

Score 

Gawrilow et al.  

(2013) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Kang et al.  

(2011) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Chang et al.  

(2022) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Smith et al.  

(2019) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Ahmed et al.  

(2011) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Hattabi et al.  

(2019) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Hoza et al.  

(2014) 

1 1 0 1 1 0 0 1 1 1 1 7/10 

Jensen et al.  

(2004) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Garcia-Gomez et al. 

(2016) 

1 0 0 1 0 0 0 1 1 1 1 5/10 

Porter et al.  

(1984) 

1 1 0 1 0 0 0 0 1 1 1 5/10 

Oh et al. 

(2018) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Liu et al.  

(2018) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Bahram et al.  

(2014) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Hattabi et al.  

(2021) 

1 0 0 0 0 0 0 1 1 1 1 4/10 

Felmet et al.  

(1998) 

1 1 0 1 0 0 0 1 1 1 1 5/10 

Gelade et al.  

(2018) 

1 1 1 1 0 0 0 1 1 1 1 7/10 

Soori et al.  

(2020) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Song et al.  

(2022) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Chen et al.  

(2022) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Xu et al.  

(2021) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Chuang et al.  

(2015) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Ludyga et al.  

(2020) 

1 1 0 1 0 0 0 1 1 1 1 6/10 



Reference Item 

1 

Item 

2 

Item 

3 

Item 

4 

Item 

5 

Item 

6  

Item 

7 

Item 

8 

Item 

9 

Item 

10 

Item 

11 

Score 

Silva et al. 

(2015) 

1 0 0 1 0 0 0 1 1 1 1 5/10 

Liang et al.  

(2022) 

1 1 0 1 0 0 0 1 1 1 1 6/10 

Item1, eligibility criteria; Item 2, random allocation; Item 3, concealed allocation; Item 4, 

baseline comparability; Item 5, blind subjects; Item 6, blind therapists; Item 7, blind assessors; 

Item 8, adequate follow-up; Item 9, intention-to-treat analysis; Item 10, between-group 

comparisons; Item 11, estimates and variability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S5  Quality assessment for self-control trials 

Reference Item 

1 

Item 

2 

Item 

3 

Item 

4 

Item 5 Item 

6 

Item 

7 

Item 

8 

Item 

9 

So et al.  

(2017) 

Yes Unclear Yes Yes Yes Yes Yes Yes Yes 

Hernandez-Reif et al.  

(2001) 

Yes NA NA No Yes Yes Yes Yes Unclear 

Lufi et al.  

(2011) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Cuypers et al.  

(2011) 

Yes NA NA No Yes Yes Yes Yes Yes 

Jang et al.  

(2015) 

Yes NA NA No Yes Yes Yes Yes Yes 

Schoenfelder et al.  

(2017) 

Yes NA NA No Yes Yes Yes Yes Yes 

Siu et al.  

(2020) 

Yes NA NA No Yes Yes Yes Yes Yes 

Shema-Shiratzky et al. 

(2019) 

Yes NA NA No Yes Yes Yes Yes Yes 

Smith et al.  

(2013) 

Yes NA NA No Yes Yes Yes Yes Yes 

Pontifex et al.  

(2013) 

Yes No NA Yes Yes Yes Yes Yes Yes 

Piepmeier et al.  

(2015) 

Yes Yes NA Yes Yes Yes Yes Yes Yes 

Hung et al.  

(2016) 

Yes No NA Yes Yes Yes Yes Yes Yes 

Ludyga et al.  

(2017) 

Yes NA NA Yes Yes Yes Yes Yes Yes 

Craft et al.  

(1983) 

Yes NA NA No No Yes Yes Unclear Unclear 

McKune et al.  

(2003) 

Yes Unclear Yes Yes No Yes Yes Yes Yes 

Item 1, Were the causal relationships in the study clearly stated? 

Item 2, Were the baselines comparable between groups? 

Item 3, Were the groups receiving the same intervention besides to be validated? 

Item 4, Was a control group set up? 

Item 5, Were the outcome measures diversified before and after the intervention? 

Item 6, Was follow-up complete and, if not, was loss to follow-up reported and addressed? 

Item 7, Were the outcome measures used in the same way in each group? 

Item 8, Were the outcomes measured in a valid and reliable way? 

Item 9, Was appropriate statistical analysis used? 



S5. Summary table of pairwise comparison results 

Table S6  Direct comparison treatment effect with control group 

Outcomes Types Trials Participants Effect size I2 

Executive 

functions 

Open-skill activities 4 110 1.94 [1.11, 2.77] 66.0 

Closed-skill activities 13 400 1.09 [0.63, 1.55] 77.0 

Multicomponent PA 10 355 0.74 [0.32, 1.17] 62.0 

Exergaming 3 129 0.56 [0.21, 0.92] 0 

Hyperactivity/ 

impulsivity 

Closed-skill activities 7 288 -1.84 [-2.67, -1.02] 81.0

Multicomponent PA 2 115 0.16 [-0.21, 0.52] 0 

High-intensity interval training 1 43 -0.43 [-1.05, 0.19] NA

Exergaming 1 51 -0.28 [-0.83, 0.28] NA

Open-skill activities 1 14 -0.25 [-1.35, 0.85] NA

Inattention Closed-skill activities 5 184 -1.57 [-2.58, -0.57] 80.0

High-intensity interval training 1 43 -0.43 [-1.05, 0.19] NA

Exergaming 1 51 -0.02 [-0.57, 0.53] NA

Multicomponent PA 3 209 0.03 [-0.24, 0.30] 0 

Open-skill activities 1 14 -0.24 [-1.33, 0.86] NA



S6. Analysis for executive functions 

 

Figure S1  Loop-specific heterogeneity for executive functions 

 

Inconsistency plot for the executive network, assuming loop-specific heterogeneity 

estimates. 

 

Figure S2  The ranking of effects for executive functions 

 

Plots of the surface under the cumulative ranking curves (SUCRA) for all 

comparisons in the executive functions network. 

 

 

 

 



S7. Subgroup analysis for executive functions 

Figure S3  Network of eligible comparisons for inhibitory control 

Figure S4  The ranking of effects for inhibitory control 



Plots of the surface under the cumulative ranking curves (SUCRA) for all 

comparisons in the inhibitory control. 

Figure S5  Relative effect sizes of treatments efficacy based on network meta-

analysis for inhibitory control 

Figure S6  Loop-specific heterogeneity for inhibitory control 



Figure S7  Network of eligible comparisons for working memory 

Figure S8  The ranking of effects for working memory 

Plots of the surface under the cumulative ranking curves (SUCRA) for all comparisons 

in the working memory. 



Figure S9  Relative effect sizes of treatments efficacy based on network meta-

analysis for working memory 

Figure S10  Loop-specific heterogeneity for working memory 



Figure S11  Network of eligible comparisons for cognitive flexibility 

 

 

 

Figure S12  The ranking of effects for cognitive flexibility 

 



Plots of the surface under the cumulative ranking curves (SUCRA) for all 

comparisons in the cognitive flexibility. 

 

Figure S13  Relative effect sizes of treatments efficacy based on network meta-

analysis for cognitive flexibility 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S8. Publication bias assessed with funnel plots for executive functions 

 

Figure S14  Comparison-adjusted funnel plot for the inhibitory control network 

 

 

Figure S15  Comparison-adjusted funnel plot for the working memory network  

 

 

 



Figure S16  Comparison-adjusted funnel plot for the cognitive flexibility network 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S9. Meta-regression analyses for executive functions 

 

Figure S17  The results of meta-regression analyses for executive functions 

  

Frequency Intensity 

  

Duration Length 

 

 

 

 

 

 



S10. GRADE assessment for executive functions 

Table S7  Summary of GRADE assessment for the certainty in executive functions 

Comparisons Nature of evidence Certainty Reason for downgrading 

Open-skill sports vs. closed-skill sports Indirect Very low Imprecision, indirectness 

Open-skill sports vs. multicomponent Mixed Very low Imprecision, inconsistency 

Open-skill sports vs. exergaming Mixed Moderate Risk of bias 

Open-skill sports vs. control Mixed High No downgrade 

Closed-skill sports vs. multicomponent Mixed Low Imprecision 

Closed-skill sports vs. exergaming Indirect Low Imprecision, indirectness 

Closed-skill sports vs. control Mixed Moderate Risk of bias 

Multicomponent vs. exergaming Indirect Low Imprecision, risk of bias 

Multicomponent vs. control Mixed Moderate Risk of bias 

Exergaming vs. control Mixed Low Imprecision, risk of bias 



S11. Analysis for hyperactivity/impulsivity 

Figure S18  Loop-specific heterogeneity for hyperactivity/impulsivity 

Inconsistency plot for the hyperactivity/impulsivity, assuming loop-specific 

heterogeneity estimates. 

Figure S19  The ranking of effects for hyperactivity/impulsivity 

Plots of the surface under the cumulative ranking curves (SUCRA) for all 

comparisons in the hyperactivity/impulsivity network. 



S12. Analysis for inattention 

 

Figure S20  Loop-specific heterogeneity for inattention 

 

Inconsistency plot for the inattention, assuming loop-specific heterogeneity estimates. 

 

Figure S21  The ranking of effects for inattention 

 

Plots of the surface under the cumulative ranking curves (SUCRA) for all 

comparisons in the inattention network. 

 

 

 

 

 

 



S13. Publication bias assessed with funnel plots for major symptoms 

 

Figure S22  Comparison-adjusted funnel plot for the hyperactivity/impulsivity 

network  

 

 

 

Figure S23  Comparison-adjusted funnel plot for the inattention network 

 



S14. Meta-regression analyses for major symptoms 

 

Figure S24  The results of meta-regression analyses for hyperactivity/impulsivity 
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Figure S25  The results of meta-regression analyses for inattention 
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S15. GRADE assessment for major symptoms 

 

Table S8  Summary of GRADE assessment for the certainty in hyperactivity/ 

impulsivity 

Comparisons Nature of evidence Certainty Reason for downgrading 

Closed-skill sports vs. multicomponent Indirect Low Imprecision, indirectness 

Closed-skill sports vs. HIIT Indirect Low Imprecision, indirectness 

Closed-skill sports vs. exergaming Indirect Low Imprecision, indirectness 

Closed-skill sports vs. open-skill sports Indirect Low Imprecision, indirectness 

Closed-skill sports vs. control Mixed Moderate Risk of bias 

Multicomponent vs. HIIT Mixed Low Imprecision 

Multicomponent vs. exergaming Indirect Low Imprecision, indirectness 

Multicomponent vs. open-skill sports Indirect Low Imprecision, indirectness 

Multicomponent vs. control Mixed Low Imprecision, inconsistency 

HIIT vs. exergaming Indirect Low Imprecision, indirectness 

HIIT vs. open-skill sports Indirect Low Imprecision, indirectness 

HIIT vs. control Mixed Very low Imprecision, inconsistency 

Exergaming vs. open-skill sports Indirect Low Imprecision, indirectness 

Exergaming vs. control Mixed Low Imprecision, risk of bias 

Open-skill sports vs. control Mixed Very low Imprecision, inconsistency 

 

 



Table S9  Summary of GRADE assessment for the certainty in inattention 

Comparisons Nature of evidence Certainty Reason for downgrading 

Closed-skill sports vs. HIIT Indirect Low Imprecision, indirectness 

Closed-skill sports vs. exergaming Indirect Low Imprecision, indirectness 

Closed-skill sports vs. open-skill sports Indirect Low Imprecision, indirectness 

Closed-skill sports vs. multicomponent Indirect Very low Imprecision, indirectness 

Closed-skill sports vs. control Mixed High No downgrade 

HIIT vs. exergaming Indirect Low Imprecision, indirectness 

HIIT vs. open-skill sports Indirect Low Imprecision, indirectness 

HIIT vs. multicomponent Mixed Low Imprecision 

HIIT vs. control Mixed Low Imprecision, risk of bias 

Exergaming vs. open-skill sports Indirect Low Imprecision, indirectness 

Exergaming vs. multicomponent Indirect Low Imprecision, indirectness 

Exergaming vs. control Mixed Low Imprecision, risk of bias 

Open-skill sports vs. multicomponent Indirect Low Imprecision, indirectness 

Open-skill sports vs. control Mixed Very low Imprecision, inconsistency 

Multicomponent vs. control Mixed Low Imprecision, risk of bias 

 

 

 

 



S16. A partially contextualized framework 

Table S10  A partially contextualized framework was used for classification of interventions based on network meta-analysis 

Outcomes Classification Intervention Effect size Surface under the 

cumulative ranking 

curve 

Certainty of 

evidence 

Inhibitory Control Large beneficial effect Open-skill activities 1.94 (1.24 to 2.64) 99.1% High 

Closed-skill activities 1.02 (0.54 to 1.50) 55.2% Moderate 

Multicomponent PA 1.00 (0.46 to 1.55) 54.4% Moderate 

Moderate beneficial effect Exergaming 0.79 (0.00 to 1.59) 40.6% Low 

Working memory Large beneficial effect Closed-skill activities 1.21 (-0.22 to 2.65) 75.9% Moderate 

Multicomponent PA 1.05 (0.19 to 1.92) 71.3% Moderate 

Moderate beneficial effect Open-skill activities 0.65 (-1.59 to 2.89) 52.2% Low 

Trivial to no effect Exergaming 0.00 (-2.08 to 2.08) 29.7% Very low 



Outcomes Classification Intervention Effect size Surface under the 

cumulative ranking 

curve 

Certainty of 

evidence 

Cognitive flexibility Large beneficial effect Multicomponent PA 1.44 (-0.19 to 3.07) 70.3% Moderate 

Open-skill activities 1.43 (-0.24 to 3.11) 70.0% Low 

Closed-skill activities 1.14 (0.09 to 2.20) 60.6% Low 

Moderate beneficial effect Exergaming 0.58 (-1.64 to 2.79) 38.9% Low 

Hyperactivity/impulsivity Large beneficial effect Closed-skill activities -1.60 (-0.32 to -0.19) 72.5% Moderate 

Multicomponent PA -1.58 (-3.60 to 0.43) 71.3% Low 

High-intensity interval training -0.97 (-3.77 to 1.83) 54.2% Very low 

Small beneficial effect Exergaming -0.28 (-3.96 to 3.40) 40.0% Low 

Open-skill activities -0.25 (-4.05 to 3.55) 38.2% Very low 



Outcomes Classification Intervention Effect size Surface under the 

cumulative ranking 

curve 

Certainty of 

evidence 

Inattention Large beneficial effect Closed-skill activities -1.51 (-2.33 to -0.69) 96.3% High 

Small beneficial effect High-intensity interval training -0.28 (-1.54 to 0.98) 52.1% Low 

Trivial to no effect Exergaming -0.02 (-1.65 to 1.61) 39.4% Low 

Multicomponent PA -0.02 (-0.89 to 0.85) 37.6% Low 

Small harmful effect Open-skill activities 0.04 (-1.87 to 1.94) 38.1% Very low 


